INTRODUCTION
Nitrous oxide (N 2 O) and ammonia (NH 3 ) emissions from steers and manure are directly affected by the amount of nitrogen (N) available in the diet. The level of diet CP is one of the most important factors determining urea recycling rate to the gut and utilization by microorganisms in the rumen (Reynolds and Kristensen, 2008) . Increased CP in dairy cow diets may increase milk protein N but will also result in diet N not being utilized for milk protein synthesis. A major fraction of this unaccounted-for N will be excreted as urea in urine (Hristov et al., 2011) . Therefore, restricting N intake results in more efficient N utilization by ruminants and reduces excretion of N compounds (Hristov et al., 2011) .
The effects of CP levels on enteric CH 4 production are not as clear and are highly dependent on diet composition (Cardenas et al., 2007 ABSTRACT: The objective of this study was to determine the effect of diet CP levels on nitrous oxide (N 2 O), ammonia (NH 3 ), and methane (CH 4 ) emissions from 1) cattle housed in confined settings and 2) cattle manure following surface application to incubated soils. Twelve 500-kg Holstein steers were fed diets containing 10% CP (10CP) and 13% CP (13CP). The experimental design was a 2 × 2 Latin square conducted during two 20-d periods. Diets were fed for 14 d before each measurement period to allow for diet acclimation. Steers were housed in environmentally controlled rooms allowing for continuous emission measures of N 2 O, NH 3 , and CH 4 . At the end of the second period, manure was collected and surface applied to incubated soils to verify potential NH 3 and N 2 O emissions. To assess emissions from incubated soils, 2 experiments were set up with 3 replicates each: Exp. 1, in which soil fertilization was based on manure mass (496 g of manure), and Exp. 2, in which soil fertilization was based on manure N content (targeted at 170 kg N/ha). Manure emissions were monitored for 7 d. Steers fed 13CP diets had increased daily NH 3 emissions when compared to steers fed 10CP diets (32.36 vs. 11.82 ± 1.10 g NH 3 /d, respectively; P < 0.01). Daily N 2 O emissions from steers fed 13CP and 10CP diets were significantly different only during Period 1 (0.82 vs. 0.31 ± 0.24 g N 2 O/d; P = 0.04). Steers fed the 10CP diet had greater N 2 O emissions per unit of N consumed than steers fed the 13CP diet (9.73 vs. 4.26 ± 1.71 mg N 2 O/g N intake; P = 0.01). Diet CP levels did not affect enteric CH 4 production from steers. In terms of soil emissions, different CP levels did not affect NH 3 , N 2 O, or CH 4 emissions when soil fertilization was based on manure mass. However, NH 3 emissions were reduced when manure from steers fed the 10CP diet was applied to soil based on N content. Ammonia emissions decreased during the 7-d incubation period. Conversely, N 2 O emissions increased over the period. Our results indicated that management of diet CP levels of confined finishing steers mitigates NH 3 emissions from steers but does not affect enteric CH 4 . In addition, results suggested that soil characteristics might be as important as manure N content to generate NH 3 and greenhouse gases from soils receiving manure fertilization.
be produced from low-protein diets where fiber (or carbohydrates) is the source of energy needed for rumen fermentation when compared to higher CP diets. Contrarily, if the additional net energy is achieved by increasing rumen bypass starch or fat (digested in the small intestine), enteric CH 4 production will be reduced (Ellis et al., 2008) . According to Dijkstra et al. (2011) , it is challenging to recommend diets that simultaneously reduce N compounds and CH 4 emissions from cattle.
Only a small percentage of the N consumed by feedlot cattle is retained in animal tissue; 80 to 90% is excreted in urine and feces. Manure N can be lost as NH 3 (via volatilization), N 2 O, N 2 , amines, or other N compounds (Hristov et al., 2011) . Decreasing diet CP concentration has been shown to linearly decrease manure NH 3 losses (Paul et al., 1998) . However, emissions are variable and dependent on several factors such as nutrition, manure handling processes, diet composition, type of confinement system, and environmental conditions (McGinn et al., 2003; Todd et al., 2008) . Studies investigating the effects of diet CP levels on manurederived CH 4 emissions are lacking. Our hypothesis is that reductions in diet N content decreases manure N 2 O and NH 3 emissions and housing NH 3 emissions. The objective was to determine the effect of a small change in diet CP levels on greenhouse gases (GHG; N 2 O and CH 4 ) and NH 3 emissions from confined finishing steers and from soil fertilization with manure.
MATERIAL AND METHODS
The Michigan State University Institutional Animal Care and Use Committee approved all experimental procedures (protocol number 01/10-004-00). Two experiments were conducted: 1) the animal emissions experiment consisted of quantification of NH 3 , N 2 O, and CH 4 emissions from finishing Holstein steers fed either 10 or 13% CP diets and 2) the manure fertilization experiment consisted of quantification of NH 3 , N 2 O, and CH 4 emissions from incubated soils receiving application of manure from finishing Holstein steers fed diets containing 10 or 13% CP diets.
Animal Emissions Experiment
Two treatment diets were formulated to meet nutrient needs (NRC, 2000) and contained 10% CP (10CP) and 13% CP (13CP). The experimental design was a 2 × 2 Latin square: 2 diets offered in two 20-d periods with a 10-d diet adaptation period before each period. During each period, 6 animals (replicates) were offered each diet and then assigned to the other treatment for the second period. Twelve Holstein steers (6 steers per treatment) were divided into 2 groups to minimize BW differences between groups and groups were randomly assigned to diets before Period 1. Steers were weighed at 0500 h before feeding at the beginning (starting BW) and at the end (ending BW) of each collection period. After diet adaptation, steers were moved into environmentally controlled rooms at the Animal Air Quality Research Facility (Michigan State University, East Lansing, MI). Each steer was individually housed in 1 of 12 rooms (2.62-m height, 2.36-m width, and 4.11-m length) for the duration of the period. Rooms contained tie stalls (106.7 cm long and 182.9 cm wide) and were controlled with artificial lighting and room temperature at 11.2 ± 0.06°C. Within each room, a pan of the same width as the stall was kept behind each sloped tie stall to collect manure (urine plus feces).
Fresh feed was offered as a total mixed ration once daily at 0500 h at 10% above expected DMI. Diets were mixed each day of the period, sampled, composited per treatment for the study period, and stored frozen at -20°C. Orts were removed each day of the period and weighed to determine feed disappearance. Manure in each room was mixed thoroughly every morning throughout each period and removed to maintain an equal depth of approximately 5 cm among rooms. Therefore, some manure was stored in rooms for up to 20 d but because manure was partially removed each day following mixing, the average storage time for excreted manure cannot be estimated. The reason for manure removal was to avoid overflow and yet provide an emissions surface. Manure subsamples were collected during manure removal and frozen immediately at -20°C. At the end of each collection period, feed samples were composited, by treatment, and manure samples were composited, by room, for further analysis.
Manure Fertilization Experiments
Thirteen 208-L tubs, maintained in a conditioned space (15.4 ± 0.2°C), were filled with a base soil and compacted to a height of approximately 22 cm (consistent depth). Sandy loam soil was obtained from the Michigan State University Farm Services Center (East Lansing, MI) and added on top of the base soil to a final consistent depth of 40.6 cm. Before addition, the sandy loam was dried at ambient temperature and mixed with the bucket of a skid steer loader. Soil moisture content was measured in each tub (a subsample dried at 105°C until constant weight) and adjusted to 20% by mass using water addition to each tub. Twelve of the tubs received treatments from either Exp. 1 or 2 (described below); the 13th tub served as a measure of background air emissions. Emissions of NH 3 , N 2 O, and CH 4 were collected from the headspace of the tubs throughout a 7-d sample period. Soil moisture content was measured at the start and end of the 7-d period. No additional soil analyses were conducted.
Manure from the last day of the second 20-d period was mixed thoroughly using a hoe, removed from the pan in each room, and composited by diet into a 12-cubic-foot (0.34-cubic meter) concrete mixer (Workman II 350 mixer; IMER USA Inc., Hayward, CA) to create 2 treatment manures. A portion of each mixed manure was frozen at -20°C for future use. Before use, frozen manure was thawed by refrigerating for 5 d in a covered container. Thawed manure was analyzed for total Kjeldahl nitrogen (TKN) content using procedures described below.
Based on customary fertilization recommendations for corn production in the Midwest, a fertilization rate of 170 kg N/ha was targeted for the manure fertilization experiments. Manure from steers fed the 13CP diet contained 0.066 g N/g DM, and manure from steers fed the 10CP diet contained 0.056 g N/g DM. Therefore, to meet the targeted fertilization rate, manure from steers fed 10CP and 13CP diets would require application of different manure mass. To achieve 170 kg N/ha, 496 g of wet manure from steers fed the 13CP diet and 570 g of wet manure from steers fed the 10CP diet would need to be applied to the soil surface. However, by doing so, different levels of moisture would be applied to the soil. It was previously observed that NH 3 and GHG emissions from soils receiving fertilization is dependent on both N content and on soil and manure moisture content, in addition to other factors. Consequently, depending on soil type and soil conditions, manure application based only on N content could result in findings confounded by the amount of moisture applied to the soil (dependent on manure mass). Therefore, 2 experiments were conducted, simultaneously, to evaluate the effects of soil fertilization based on manure mass and soil fertilization based on manure N content on NH 3 , N 2 O, and CH 4 emissions.
Experiment 1. Soil Fertilization Based on Consistent Manure Mass
Manure was applied at similar mass (496 g of manure) to the soil surface (406 cm 2 ) of the 12 tubs. Treatments were designated as 13-M (496 g of wet manure from steers fed 13CP diet containing 4.58 g N) and 10-M (496 g of wet manure from steers fed 10CP diet containing 3.88 g N). Each treatment was replicated 3 times (3 tubs per treatment). Manure was applied manually to the soil surface of each tub and was not incorporated. Tubs were sealed using a lid fitted with ports for sampling and airflow, a gasket, and a C-clamp.
Experiment 2. Soil Fertilization Based on Manure N Content
Manure was applied using similar N application rates, targeted at 170 kg N/ha. In Exp. 2, treatments were designated as 13-N (496 g of wet manure from steers fed 13CP diet containing 4.58 g N) and 10-N (570 g of wet manure from steers fed 10CP diet containing 4.58 g N). Each treatment was replicated 3 times (3 tubs per treatment). Manure was applied manually to the soil surface of each tub (406 cm 2 ) and was not incorporated. Tubs were sealed using a lid fitted with ports for sampling and airflow, a gasket, and a C-clamp.
Gas Sampling and Analyses
An exhaust air sampling system ran continuously throughout the sample periods to sequentially measure gaseous concentrations from the 12 rooms plus background air or 13 tubs (12 treatment tubs plus a background tub). Two separate gas sampling systems were available: 1 for the rooms and a second sampling system for the tubs. Each was constructed to function similarly. Airflow into each room was monitored with a pressure transducer (Setra model 239; Setra Systems Inc., Boxborough, MA). Temperature and humidity were monitored using a probe (CS500; Campbell Scientific Inc., Logan, UT). Fresh air was continuously pulled across the tub surface using a vacuum pump. Rooms and tubs were maintained under positive air pressure with average flow rate of 284 and 0.1 L/s, respectively. Room ventilation rate was based on animal care guidelines and the heating/cooling system that used flow rate to maintain room temperature set points. Tub ventilation rate was selected so as to minimize surface disturbance (wind effect) while maintaining positive pressure during sample collection.
Concentrations of N 2 O were measured using an INNOVA 1412 photoacoustic analyzer (Lumasense Technologies, Ballerup, Denmark) with a range from 0 to 50,000 mg/kg and sensitivity of 0.03 mg/kg. Concentrations of NH 3 were determined using a chemiluminescence analyzer (model 17i; Thermo Fisher, Franklin, MA) with sensitivity of 0.001 mg/kg and a range of 0 to 50 mg/kg. Concentrations of CH 4 were quantified by back flush gas chromatography (model 55i; Thermo Fisher) with sensitivity of 0.05 mg/ kg and a range from 0 to 100 mg/kg (Li et al., 2011) . Analyzers were calibrated twice weekly. All supply, exhaust, and sample lines were made of Teflon-coated polytetrafluoroethylene tubing.
Each environmentally controlled room or tub and the background air for each was sampled for 15 min (9.5 min purge plus 5.5 min data collection). Each analyzer analyzed the sample stream every 30 sec, resulting in 11 observations during that data collection period that were averaged to a sample mean. Each 15-min sample cycle in any given room or tub represented a 195-min sample interval, resulting in 7 or 8 sampling observations in each room or tub daily. Sampling progressed sequentially through the 12 rooms/tubs and then onto the background air and back through the rooms/tubs, etc. Sample collection was automatic using a manifold and solenoid valves. All sampling and data collection was coordinated through LabVIEW data acquisition modules and software (National Instruments Corporation, Austin, TX).
Ammonia, N 2 O, and CH 4 concentrations were calculated by mass balance of concentrations in the incoming and outflowing air using the equation (Li et al., 2011) 
in which ER is emission rate (g/min), Q is flow rate at room temperature and pressure (L/min), T is air temperature in exhausting air (°K), C 0 is gas concentration in exhausting air (mg/kg), C 1 is gas concentration in incoming air (mg/kg), MW is molecular weight of gas (g/mol), and V m is molar volume of gas at standard condition (22.414 L/mol). The emission rate (mean 1-min emissions rate for the 15-min sample cycle) was multiplied by 195 min to obtain emissions in a full cycle. Daily emissions were the sum of emissions in the 7 or 8 cycles (Li et al., 2011) . Rooms and tubs were randomly assigned a treatment and sampling was in a different room/tub at midnight each night thereby avoiding a confounding effect of time of day and any activity in the room/tub.
Proximate Analysis of Feed, Manure, and Soil
Feed composition was analyzed by Dairy One Forage Testing Laboratory (Dairy One, Inc., Ithaca, NY). Feed samples' DM content was determined by oven drying at 55°C until constant weight. Degradable protein, CP, NDF, and ADF were determined by Foss NIRSystems model 6500 (Foss, Hilleroed, Denmark) with Win ISI II version 1.5 (Foss, Hilleroed, Denmark; AOAC, 1995 AOAC, , 1996 . Minerals were analyzed by inductively coupled plasma mass spectroscopy. Energy content was determined by calorimetry (IKA C2000 basic Calorimeter System; IKA Works, Wilmington, NC). Manure TKN content was measured by digestion followed by distillation (FOSS Tecator, 1987 ) at a Michigan State University laboratory (East Lansing, MI). Manure TKN was measured on a composited sample of manure removed from each animal room throughout the 20-d period and, on d 20, manure that had been composited by treatment and frozen. Preand postincubation soil samples were dried at 105°C until constant weight for moisture determination.
Statistical Analyses
Data from both animal and manure experiments were analyzed using the MIXED procedure (SAS Inst., Inc., Cary, NC) with steer and tub as random effects and day as repeated measure in the animal experiment. The animal experiment was analyzed as a 2 × 2 Latin square and accounted for carryover effects. The model used to analyze the animal experiment included period, day, and treatment × period. If the effect of period was significant (P < 0.05), means were shown and discussed separately by period. The model used to analyze the manure experiment included day as the fixed term. All analyses were performed using SAS software (SAS Inst., Inc.) at 95% confidence level.
RESULTS AND DISCUSSION

Animal Performance and Manure Excretion
Diet ingredients and nutrient compositions are listed in Table 1 . Animal performance data are shown in Table 2 . Starting BW (P = 0.02), ending BW (P = 0.04), and DMI (P < 0.01) increased from Period 1 to Period 2 for each treatment, but no period effects were observed for N consumed (P = 0.26). Because of significant period effects (P < 0.01), means are shown separately by period in Table 2 Mean ADG was 0.7 kg (±0.3 kg) for steers fed the 13CP diet and 1.0 kg (±0.3 kg) for steers fed the 10CP diet pooled across periods. Previous studies observed greater ADG for steers fed diets with CP content ranging from 10 to 11.5% (1.5 to 1.7 kg reported by Li and Powers [2012] , Valkeners et al. [2008] , and Vasconcelos et al. [2009] ). The present study focused on finishing steers with starting BW of 547 kg during Period 1. Previous studies used growing steers with initial BW ranging from 315 to 415 kg (Luebbe et al., 2012; Archibeque et al., 2007; Valkeners et al., 2008) .
Use of finishing steers explains the lower ADG found on our study when compared to studies conducted with growing steers. Reported DMI in commercial feedlots was 11.3 kg/d (Waldrip et al., 2013) . Observed DMI in this study is in agreement with Luebbe et al. (2012) , who reported average daily DMI of 9.3 kg/d by cattle fed diets in individual pens.
Manure excretion data are shown in Table 3 and represent samples that were collected throughout the 20-d periods and composited by room. The effect of period was significant for the amount of dry manure excreted daily (P < 0.01) and, therefore, means are shown separately by period. There was no significant effect of diet on the amount of dry manure excreted daily by the steers in either period (average across 
Ammonia Emissions from Steer Housing
There were period effects on daily NH 3 emissions from steers and emission units (per units BW, DMI, and N consumed) and means are shown by period (P < 0.01; Table 4 ).
Significant period effects were expected for animal performance. However, because steers were adapted to diets before each sampling periods, we did not expected significant period effects for NH 3 and GHG emissions. The significance of period indicates that 1 or more omitted variables other than diet composition could possibly be affecting emissions.
Ammonia emissions were significantly greater from steers fed the 13CP diet compared to emissions from steers fed the 10CP diet on a daily basis and per unit of BW, DMI, and N consumed (Table 4) . Li and Powers (2012) fed 12.5 and 10% CP diets to steers and observed similar NH 3 emissions (30.5 ± 2.14 and 14.6 ± 1.97 g NH 3 /d, respectively). Our results show that increasing CP content in the diet from 10 to 13% increased daily NH 3 emissions by 173% during Period 1 and 95% increase during Period 2. Cole et al. (2005) also observed that in vitro NH 3 emissions were 60 to 200% higher from manure where cattle had been fed 11.5% CP diets (Gleghorn et al., 2004) and is greater during early feeding and less during the finishing phase, as cattle approach final weight (Todd et al., 2008) . For the finishing cattle fed in the present study, 13CP met or exceeded nutrient needs thereby contributing to increased losses in the form of NH 3 . In addition, Cole et al. (2005) verified that as days on feed increased, in vitro NH 3 emissions increased and NH 3 losses were correlated to urinary N. Similarly, our results also illustrated a day effect on NH 3 emissions from housed steers. Decreasing diet CP from 13 to 10% reduced NH 3 emissions by 63% without impacting steer performance. Cole et al. (2005) noted that it is important that diets with decreased CP concentration do not hinder performance or total NH 3 emissions could be increased because of more days on feed until animals reach market weight. In our study, reducing CP from 13 to 10% did not affect animal performance (DMI and ending BW). Todd et al. (2008) verified that decreasing CP from 13 to 11.5% during the finishing period reduced NH 3 emissions by 28% with no performance effects. Cole et al. (2006) observed a 22% decrease in N volatilization when CP was reduced late in the finishing period. Approximately 10 to 20% of N intake is retained in animal tissue, 30 to 50% is excreted in feces, and 40 to 70% is excreted in urine by beef cattle fed "typical" finishing diets (Cole et al., 2005) . In this study, if we consider the difference between N intake and N losses (in the form of TKN, NH 3 emissions, or N 2 O emissions) as N retained on steers, then, on average, 10% of N intake was retained in animal tissue during Period 1 and 14% of N intake was retained during Period 2. However, N retained in steers was not measured in this study. Because feces and urine were mixed in the pens, it is possible that the anaerobic conditions created in manure allowed for complete denitrification (see discussion in Nitrous Oxide Emissions from Steer Housing), producing N 2 .
The increased diet CP and, consequently, N intake result in N that is excreted by the animal. It was estimated that in animals fed grass-silage-based diets, 84% of excreted N is in urine (Huhtanen et al., 2008) . Up to 40% of urinary N may be volatilized, while N volatilization from feces is considerably less (up to 13%). However, when feces and urine are mixed, the urea from urine is hydrolyzed to NH 3 and CO 2 by the abundant urease in the fecal matter (Bussink and Oenema, 1998) . In the present study, feces and urine from steers were mixed but maintained at constant volume in the rooms. The lack of manure accumulation may also have contributed to the lower levels of NH 3 emitted when compared to other data. Todd et al. (2008) measured NH 3 emissions from a beef cattle feed yard and observed much higher values of N intake and emissions compared to values in the present study. The N intake ranged from 160 to 205 g animal -1 d -1 and the per animal NH 3 -N emission ranged from 51 to 131 g/d. In our study, the highest N intake was from steers fed the 13CP diet during Period 1 (181 g N/d; Table 5 ), and the NH 3 emissions as a percentage of N intake from steers fed the 13CP diet during Period 1 was 27%. The NH 3 -N loss as a percentage of N intake observed by Todd et al. (2008) ranged from 32 to 70%.
Nitrous Oxide Emissions from Steer Housing
There were period effects for daily N 2 O emissions (P < 0.01) as well as per unit BW (P < 0.01), DMI 1 10CP = 10% CP; 13CP = 13% CP. Six replicates per treatment (n = 6).
2 TKN = total Kjeldahl N (in manure). (P = 0.02), and N consumed (P = 0.02; Table 6 ). There were significant day effects for daily N 2 O emissions and on a BW and DMI basis. However, N 2 O emissions and emission units were low and not different between steers fed the 13CP and 10CP diets (Table 5) . Nitrous oxide emissions from housed steers are produced from manure. Few studies have focused on N 2 O emissions from cattle. Kaspar and Tiedje (1981) affirmed that N 2 O emissions from ruminants are virtually low to nondetectable. In a controlled experiment with ruminal fluid, the authors concluded that the rumen ecosystem had no constitutive denitrification activity (Kaspar and Tiedje, 1981) . Ammonia was the only significant product of nitrate (NO 3 -) and nitrite reduction in the ruminal fluid, suggesting that, in the present study, N 2 O emissions originated from incomplete removal of manure from the rooms.
Nitrous oxide is the intermediate product of nitrification from NH 3 or denitrification from nitrate (NO 3 ) or NH 3 , when performed by ammonia-oxidizer autotrophic nitrifiers (Wrage et al., 2001 ). Studies show a correlation between N 2 O emissions and NH 4 + availability (e.g., Heller et al., 2010) . Nitrous oxide emissions from housed steers are produced mainly from manure. Across treatments, daily N 2 O emissions increased from Period 1 to Period 2 (0.55 g N 2 O/d during Period 1 and 0.95 g N 2 O/d during Period 2; P < 0.01) and so did daily dry manure excretion (2.16 kg/d during Period 1 and 2.35 kg/d during Period 2; P = 0.01). Emissions of N 2 O from waste storages depend on storage type, for example, anaerobically as slurry in lagoons or amended with litter. When stored as anaerobic slurry, N 2 O emissions are negligible because denitrification is complete and the final product is N 2 (Kulling et al., 2003) . In our study, the low N 2 O emissions may be explained by anaerobic conditions created by mixing of feces and urine in the pens. Furthermore, manure was removed daily to avoid accumulation in the rooms. Under these conditions, it is possible that denitrification was complete in the pens and N 2 was produced. However, we did not measure N 2 concentration changes in the rooms.
Because the effect of period was statistically significant (P < 0.01) for some forms of N, intake and excretion means are shown by period (Table 6 ). Nitrogen intake was determined based on CP content in the diet and DMI. There was diet effect on daily N intake during Period 1 (112 and 181 g/d for 10CP and 13CP, respectively; P < 0.01) and Period 2 (122 and 174 g/d for 10CP and 13CP, respectively; P < 0.01; Table 6 ). Total Kjeldahl N is the total amount of N retained in manure, NH 3 -N is the amount of N emitted as gaseous NH 3 , and N 2 O-N is the amount of N emitted as gaseous N 2 O (Table 6 ).
Methane Emissions from Steer Housing
There was a period effect on CH 4 emissions from steers (P < 0.01) and means are shown by period (Table 7) . Across treatments, CH 4 emissions decreased from Period 1 (91 g CH 4 /d, 166 mg CH 4 /kg BW, and 9.8 g CH 4 /kg DMI) to Period 2 (79 g CH 4 /d, 135 mg CH 4 /kg BW, and 8.1 g CH 4 /kg DMI).
Reducing diet CP content is effective in reducing N excretion and emission of gaseous N. However, effects of diet CP on CH 4 emissions are not as straightforward. Enteric CH 4 production is dependent on site of digestion and type of carbohydrate used to substitute protein (Dijkstra et al., 2011) . In this study, diet carbohydrate compositions were similar The first days following manure application on soils are considered the most important in terms of NH 3 and GHG emissions (Cardenas et al., 2007; Flessa and Beese, 2000) . In this study, NH 3 and GHG emissions from soils receiving manure fertilization were monitored for a period of 7 d. The soils were incubated in controlled tubs and contained no vegetation. There were no treatment effects on emissions during Exp. 1 or in Exp. 2 (Table 8) . Across treatments in Exp. 1, the average NH 3 emissions were 36 g NH 3 /d and 51 mg NH 3 /g N applied, N 2 O emissions were 0.33 g N 2 O/d and 0.26 mg N 2 O/g N applied, and CH 4 emissions were 0.02 mg CH 4 /d (Table 8 ). In Exp. 2 (across treatments), the average NH 3 emissions were 40 g NH 3 /d and 52 mg NH 3 /g N applied, N 2 O emissions were 0.46 g N 2 O/d and 0.31 mg N 2 O/g N applied, and CH 4 emissions were 0.02 mg CH 4 /d (Table  8) . These results suggest that the change in manure N content and amount of manure applied were not large enough to result in different NH 3 , N 2 O, and CH 4 emissions from soils receiving manure fertilization. Had manure been stored at ambient temperature for some period of time between collection in the animal rooms and application to the soil, N would have been lost from the manure, largely as NH 3 -N resulting in lower NH 3 emission, and possibly N 2 O emission, values from soil surfaces. However, data are not available to suggest that treatment effects for NH 3 , N 2 O, and CH 4 emissions would have been observed following manure application to a soil surface.
Surface application of wet manure increases NH 3 volatilization; therefore, manure incorporation into the soil is recommended to reduce NH 3 emissions (Flessa and Beese, 2000) . Manure incorporation favors denitrification over NH 3 volatilization, and under conditions of high moisture content, denitrification can be complete, resulting in N 2 production (Harper et al., 2004) . Losses of urinary N as NH 3 , when applied to pasture, from manure slurries applied to cropland and from cattle manure slurry storage, range from 4 to 95% (Stewart, 1970; Kellems et al., 1979; Jarvis et al., 1989; Lockyer and Whitehead, 1990) . Archibeque et al. (2007) suggested that the large variation in apparent volatilization of NH 3 is due to many factors such as air turnover rates, presence and composition of soil, and environmental factors.
Regarding daily emissions during Exp. 1, NH 3 emissions started lower than 100 mg and tended to stabilize at approximately 300 mg after 6 d of incubation (Fig. 1) . These results suggest that NH 3 emissions from surface applied manure occur slowly, increasing over time to stabilization. This may also have been the result of using manure that was thawed but previously frozen. There was a significant decrease in CH 4 emis- 1 Treatments were 13-M with application of 496 g of wet manure containing 4.58 g N; and 10-M with application of 496 g of wet manure containing 3.88 g N; and 13-N with application of 496 g of wet manure containing 4.58 g N; and 10-N with application of 570 g of wet manure containing 4.58 g N, six replicates per treatment (n = 6). sions on Day 6 (Fig. 2) . It has been shown that CH 4 emissions from manure applied to soil are short lived. Chadwick et al. (2000) observed brief and low CH 4 emissions immediately after dairy slurry application to soil under dry and warm conditions. They stated that in wetter and colder climatic conditions emissions could increase substantially, reiterating the importance of climate and soil characteristics to GHG production. Similarly, emissions from beef cattle feces were high immediately after feces depositions, decreasing with time (Williams, 1993; Sherlock et al., 2002) . Nitrous oxide emissions are highly dynamic and vary with several factors, such as time following manure application, type of application, and supplemental water additions (Sommer et al., 1996) . In the current study, N 2 O emissions increased 4 d after manure application to soil. Chadwick et al. (2000) demonstrated that the proportion of N emitted as N 2 O increased with time. If the incubation time were extended, treatment differences may be observed.
Conclusion
Decreasing CP content from 10 to 13% in diets fed to Holstein steers did not affect animal starting and ending BW or DMI. Reducing diet CP concentration demonstrated a potential to decrease NH 3 emissions from steers. Nitrous oxide and CH 4 emissions were not affected by the change in diet CP content from 10 to 13%.
The change in diet CP content was not enough to result in different NH 3 , N 2 O, or CH 4 emissions from manure surface applied to incubated soils without vegetation. Varying the mass of manure applied or the N content on manure also did not change NH 3 , N 2 O, or CH 4 emissions. Ammonia emissions from incubated soils occurred slowly and tended to stabilization af- 
